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® Hybridization method and probes therefor. 

@ A method for discriminating between two com- 
plementary nucleotide sequences differing by as lit- 
tle as 1-3 nucleotides Is described in which an 
otigonucleotide signalling complex probe is used, 
which probe comprises a single stranded 
oligonucleotide of 8 to 30 nucleotide units having 
covalently attached thereto, at a stertcaily tolerant 
site/ a residue capable of producing a non- 
radioisotopic signal and having a molecular weight of 
v^at least 100 daltons. 

^ Oligonucleotide signalling complex probes and 
^diagnostic kits for use in such a method are de- 
Inscribed and claimed. 
1% 

CM . 

e* 

CM 



LU 



Rank Xerox 



CGK00010012 



1 0202758 2 

HYBRIDISATION METHOD AND PROBES THEREFOR 



The present Invention relates to a method stat- 
able for discriminating between two complementary 
nucleotide sequences which may differ by as little 
as a single nucleotide, nucleic acid hybridisation 
probes therefor and kits for use in such a method. 

The use of labelled polynucleotide probes is 
well known for a wide range of applications as 
described fn, for example. Lewin, Science 221: 1167 
(1983) and Klausner et al. Bio/Technology. 1: 471 • 
(1983). Labelled oligonucleotide prot>es are of par- 
ticular interest as diagnostic tools for clinical and 
research uses. 

Conventional radiolabelled probes are efficient 
and sensitivei but are associated with severaf prob- 
lems which mitigate against routine use for screen- 
ing for example in clinical laboratories. Thus 
radiolabelled probes are potentially hazardous and 
pose problems of disposal. Fnirthermore radiolabel- 
led probes are often unstable and have a limited 
shelf-life -as a resuit of the relatively short half life 
of the* radioactive materiaJs used as latjels, espe- 
cially ^P, Moreover autoradiographic detection can 
be time consuming and the handling of radiolabel- 
-4ed probes r^uires-i^ersonnel- wlti=v appropriate - 
safety training. 

There is therefore a desire to use non-radioac- 
tive methods of labelling probes and certain such 
methods have been described in the literature for 
example D.C. Ward at the 1981 ICN-UCLA- Sympo- 
sium held in Keystone. Cotorado on March 15-20. 
and published in Developmental Biology Using Pu- 
rified Genes 1981 XXIII, 1981 pages 647-658 Aca- 
demic Press, Editor Donald O Brown et ^ and A D 
B Malcolm et al. Abstracts of the 604th Biochemi- 
cal Society Meeting, Cambridge, England (meeting 
of 1 July 1983). Probes labelled with biotin have 
also been widely described in the literature. 

TTie present invention however is parti'cularly 
concerned with the use of non-radioactively label- 
led probes for use in hybridization analysis where H 
Is necessary to discriminate Ijetween two conrt- 
piementary nucleotide sequences differing by rela- 
tively few nucleotides. It is well documented (e.g. 
by J W Szostok et al.. Methods in Enzymology, 
Volume 68, p41 9-428. Academic Press) that the 
stability of hybrids of oligonucleotides with com- 
plementary nucleic acid sequences is sensitive to 
mismatched base pairs in the hybrid. These au- 
thors demonstrated that most oligonucleotide hy- 
brids with single mismatches in base pairing are 
less stable to temperature than hybrids of the same 
oligonucleotides with conrect base pairing. Thus 
subtle differences in oligonucleotide sequence 
complementarity can give rise to subtle differences 



in hybrid destablllsation which can be detected in 
practice by incubating matched and mismatched 
oligonucleotide hybrids to a specific temperature In 
aqueous solutions. It will therefore be appreciated 

5 that the present invention is concemed with non-' 
radioactively labelled probes which have sufficient 
selectivity to discriminate between a complemen- 
tary sequence and a sequence with as little as 1-3 
non-complementary nucleotides. Because of the 

70 relatively small destabilisation effect of base pair 
mismatches on oligonucleotide hybrids, it would be 
expected that labelling of an oligonucleotide probe 
with anything twit a kw molecular weight species 
would alter the hybridization characteristics of tfie 

75* prot>e such that the desired hybridisation selectivity 
of the probe wouW be lost as a result of the 
presence of the label. Recentiy A Choliet and E H 
Kawashima in Nucleic Adds Research Vol 13 No. 5 
1985 have demonstrated that a biotinyiated probe 

20 may be used to detect a singte A/Q mismatch 
whilst recognizing that even the low mofecular 
weight species, biotin, may alter the hybridisation 
characteristics of the oligonucleotide probe. 
^The- belief that -even the- attachment ^Jow._ . .. 

2s molecular weight labels to oligonucleotide probes 
may adversely affect their afoifity. to distinguish 
complementary and mismatched sequences in- 
volves the practical disadvantalge that tfie detection 
system can only be attached to the probe after 

30 hybridisation. The operator of ti^e probe is thus 
faced with conducting furtiier reaction steps after 
the hybridisation which necessarily are time con- 
suming, costiy and conducive to operator error. 
The present invention is based on the suprising 

35 discovery that high mofecular weight species may 
be attached to oligonucleotide probes prior to 
hybridisation without markedly altering the 
hybridisation selectivity of the probe. Thus for ex- 
ample a high moleuclar weight detection system 

40 may be attached to an oligonucleotide probe prior 
to hybridisation thus obviating the need for a series 
of reaction steps after hybridisation. 

Thus according to one feature of tiie present 
invention there is provided a method for dis- 

45 criminating between two complementary nucleoti'de 
sequences differing by as littie as 1-3 nucleotides 
which comprises:- 

(a) under conditions which promote or favour 
so hybridisation between two complementary 

oligonucleotide sta-ands. contacting the 
nucleotide sequence [after appropriate treat- 
ment to render it single stranded) to be 
Identified or determined with an 
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olrgonuctsotide-signalling complex probe 
comprising a single stranded oligonucleotide 
of 8 to 30 nucleotide units in length and 
having covalentty attached thereto, at a 
stericaily tolerant site, a residue having a 
molecular weight of at least 1,000 daltons, 
which residue is capable of producing a non- 
radioisotopic signal, the oligonudeotfde in 
the oilgonucleotlde-signat complex having a 
defined sequence which is complementary 
to a sequence to be identified or determined 
but which is not complementary to an alter- 
native sequence; 

(b) separating the probe:test nucleic acid 
hybrid from the unhybridised probe; and 

(c) producing or observing the signal result- 
ing from the hybridised oligonucleotlde-sig- 
nailing complex. 

The residue which Is capable of producing a 
non-radloisotbpic signal advantageously has a mo- 
lecular weight of at least 5000 daltons and prefer- 
ably of at least 20.000 daltons. Whilst we do not 
wish to be bound by theoretical considerations we 
ihave determined that in ^^neraVtf ris1due'haVing"a ' 
molecular weight as high as about. 2 million daltons 
may for example be used with' advantage in the 
method of the present invention. Preferably the 
residue will comprise a proteinaoeous moiety. 

The method of the present invention is prefer- 
ably effective to discriminate between two com- 
plementary nucleotide sequences differing by as 
little as only a single nucleotide. 

The method of the present invention is espe- 
cially useful for detecting the presence of point 
mutations in geiies. particularly where these point 
mutations are responsible for. or are associated 
with, particular disease states. Examples of such 
disease states are phenylketonuria. alpha,-anti- 
trypsln deficiency, alpha-and beta-thalassaemia 
and sickle cell anaemia. In addition the method of 
the present invention Is useful for detecting the 
presence of polymorphisms in mammalian 
genomes, some of which are often associated with 
particular disease states. The method of the 
present invention is however useful In a number of 
other areas. For example, it is useful for testing the 
accuracy of a nucleotide sequence in a gene clon- 
ed into a plasmid or phage vector. 

The oligonucleotide-signalling complex is ca- 
pable of forming a hybrid with the complementary 
test nucleic acid sequence under such conditions 
that one (or more) single base change{s) in this 
complementary sequence reduces or precludes hy- 
brid formation. 



The nucleic acids contained in the probe may 
be ribonucleotides, or deoxyribonucteotldes. or a 
mixture of these two. 

The single stranded oligonucleotide is prefer- 
5 ably composed of 12 to 25 nucleotide units, and 
most preferably of 17 to 20 nucleotide units when 
the test sample contains mammalian nucleic acids. 

The residue which is capable of producing a 
non-radioisotopic signal may be covalently at- 

10 tached to a base, a sugar or preferably a phos- 
phate of the oligonucleotide. Such attachment Is 
preferably on a terminal base, sugar or phosphate, 
either at the 3* or 5* end of the oligonucieotide. 
When the attachment is via phosphate it is prefer- ' 

75 ably at the 5' end. 

When the covalent attachment is on a base of 
the oligonucleotide. It is particularly important tt^ 
the attachment is located at a stericaily totisrant 
site, that is a position on the base at which modi- 

20 ficalion can be effected by attachment thereto of a 
substituent group without causing interference with 
the ability of the rnodlfied oligonucleotide to 
hybridise with a fully complementary sequence. 
Generally, substitution on any hetero atom - 

25 (nitrogen or oxygen) of the base Is less desirable. 
''Sp^fe"'sftes* tharar^^^ are "NT" and N* V 

of adenine (N' -being less desirable than N*). N\ N» 
and O* of guanine and N' and N* of cytbsin^. 
Prefenred' sites of covalent attachment are C* of 

30 cytoslne and uracil and Cf of adenine and guanine.' 

Methods of introducing a covalently-bonded 
group in a base of an oligonucleotide are known 
from, for example, European Patent Publications 
63879 (Yale University) and 97373 (Enzo 

35 Blochem.) and PCT Patent Publication 
WO84/03285 (Molecular Biosystems). 

Methods of introducing a covalentty-bonded 
group In a phosphate of an oligonucleotide are 
known from, for example, European Patent Publica- 

40 tions 97373 (Enzo) and 11 9448 (Wakunaga Seiyaku * 
KabushIki Kaisha) and T Kempe et al. Nucleic 
Acids Research . 1985, 13, page 45. 

The introduction of a covalently bonded group 
in a sugar residue of an oligonucleotide may, for 

45 example, be carried out as follows. The group may, 
for example, be bonded via a hydroxy group in the 
sugar, for example by an ether or ester link. Thus 
reaction may be carried out by any stanard method 
known In tiie art. for example tiiat described by J 

so Smrt, Coll. Czech. Chem . Comm. . 1968, 33, 1462 
and A. Stuart et al.. J. Amer. Chem. Soc . 1953, 85. 
2346, and J BioL Chem ., 1964, 239, 3885. When 
the sugar is a deoxyrlbose a free hydroxy group is 
available only when the nucleotide containing this 

55 sugar is at the 3* or 5' end of tiie oligomer. When 
the sugar Is a ribose a free hydroxy group is also 
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available at a 2' position and the nucleotide con- 
taining this sugar can occupy any position in the 
oligomer. Altemafively, the group may be bonded 
via an aldehyde function, obtained by cleaving a 
diol in a ribose of an oligonucleotide. Such a diol is s 
only available when the nucleotide containing the 
ribose occupies the 3* end of the oligomer. Such a 
reaction is described by F Hausske and F Cramer 
Methods in EnzvmolOQv. 1979, 59, 172-181 . 

It will be understood that the residue which is to 
capable of produdng a non-radiolsotopic signal 
may itself be capable of signalling or may be 
capable of producing a signal by interaction with an 
appropriate e^ent according to methods known ger 
se. The residue is thus defined herein as coi^{stlng is 
of a spacer group linked to a detection system, the 
residue having a molecular weight of at least 1000 
daltons- Preferably the detection system will com- 
prise a proteinaceous moiety. 

The detection system comprises a signalling 20 
moiety either atone or attached to a linkage for 
•attdchrhent to the spacer group. Thus the signalling 
moiety may either be directly attached to the spac- 
er group by a direct covalent bond or may be 
attached to the spacer group via a linkage. 25 

Thus for example _where.a.proteinaceDUS_.moK .. 

ety is present it may be present in the signalling 
moiety of the detection sy^em or. where a linkage 
is present, in the linkage t)etween the signalling 
moiety and the spacer group or in both such link- 30 
age and signalling moiety. The spacer group may 
thus if desired be linked to the signalling moiety of 
the complex by a direct covalent link In which case 
the signalling moiety will preferably comprise a 
proteinaceous moiety such as a system for produc- 35 
ing an enzymatically-activated production of a col- 
our change. 

In a further embodiment the spacer group may 
if desired t^e finked to the signalling moiety of the 
detection system by a proteinaceous moiety con- 4o 
taining specific binding pair, for example a protein- 
iigand or antigen-antibody interaction for example 
an avidin-biotin or dinitrophenyl-antidinitrophenyl 
antibody interaction. If desired the signalling moiety 
may also comprise a proteinaceous moiety such as 45 
defined above in relation to the signalling moiety. 

In a still further embodiment the spacer group 
may for example simply be linked to a prot- 
einaceous moiety containing spedfic bindirig pair 
or the proteinaceous partner of such a pair. 50 

A preferred signalling part of the residue incor- 
porates a system for producing an enzymatically- 
activated production of colour change. Preferred 
enzyme systems involve alkaline phosphatase - 
(AP}, acid phosphatase, beta galactosidase. 55 
luciferase or horseradish peroxidase. Such enzyme • 



systems are not themselves capable of signalling, 
but are capable of producing a signal in the pres- 
ence of an appropriate substrate according to 
methods known ger se. The signalling part of the 
covalently-attached residue may operate according 
to any conventional technique such as for example 
by luminescence, fluorescence or by means of 
colour. 

In use it win generally be necessary for the 
nucleic acid probe to detect minute amounts of the 
fully complementary oligonucleotide sequence. In 
such circumstances it wiR t>e advantageous to in- 
corporate within the probe a means of ampfrfying 
the signal. The amplification can be canled out by 
known techniques, for example using one or more 
of the systems descn't)ed in European Patent Pub- 
lications 27036 (SefO. 49606 (Self). 58539 (Self), 
and 60123 (Self). 

The means employed to produce or ottserve 
the signal will depend on the signalling mechanism. 
Thus, for example, where the signal incorporates 
an enzymatically-activated colour or colour, chai^ . ' 
it will generally be necessary^o supply the enzyme-' - - 
with a substrate. 

In employing the method of the invention it will 
generally be advantageous^ to 'employ a probe, 
which is complementary to a nucleotide sequence 
in which the point mutation has occurred at or near 
the middle of the sequence. In this way the dif- 
ferentiation between normal sequence and the at>- 
normal altered sequence will tend towards the op- 
timal. It will t>e understood by those skilled in the 
art that discrimination of nucleotide sequences 
where a point mutation occurs towards a region 
opposite the terminus 9f an oligonucleotide probe 
is, in practice, more difficult as exemplified by 
Szostak et al.. Methods in Enzymology, Vol. 88., p. 
419 (Academic Press). 

The method of the invention will be cam'ed out 
using standard techniques and reagents, for exam- 
ple, employing the "Southern blot", "dot blot" or 
"Sandwich hybridisation" techniques. 

The present Invention also relates to hybridisa- 
tion probes which are of particular interest for dis- 
criminating between two complementary nucleotide 
sequences differing by relatively few nucleotide 
sequences. 

Thus according to a lurttier feature of tfie 
present Invention there Is provided an 
otigonucleotide-signalling complex comprising a 
single stranded oligonucleotide of 8 to 30 
nucleotide units in length and having covalently 
attached thereto at a sterically tolerant site, via a 
spacer group, either a residue comprising a spe- 
cific binding pair optionally canying an enzyme 
label, said residue having a molecular weight of at 
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least 1000 daltons or an enzyme rebel with the 
proviso that where an enzyme label Is linked to the 
oligonucleotide via a spacer group, the linkage of 
the spacer group to the oligonucleotide is via the 
terminal base, sugar or preferably phosphate. 

On the basis of experintents which we have 
conducted we have concluded that linkage of the 
spacer group to the terminal base, sugar or phos- 
phate alone has negligible effect on the melting 
temperature of the oligonucieotkJe signalling com- 
plex. This is in contrast to a reduction in melting 
temperature which has been reported in the litera- 
ture for substitutions at positions other than at the 
terminal base, sugar or phosphate alone. 

The spacer group is preferably linked to the 
oligonucleotide via phosphate at the 5'-end. 

Where the enzyme label is directly linked to 
the oligonucleotide via a spacer group the spacer 
group is conveniently of formula A in which n is 2 
to 16, preferably 6, a Is 0-8, b is 0-8 and R 
represents a direct covalent link or a cyclohex-4-yl, 
2-^phenylene, -.3^pheny}ene or 4-phenylene group 
optionally substituted by 1 to 3 radicals selected 
from alkoxy e.g, methoxy and dl(Ci.6 alkyl)- 
amino e.g. dimethylamino. Conveniently a js 0, b is 
0 and R is 3-phenylene. 

The oligonucleotide of the said oligonucleotide- 
signalling complex preferably has a sequence com- 
plementary to a nucleotide sequence associated 
with a disease state or with the corresponding 
normal sequence. 

The specific binding pair Is for example an 
immunological pair. conveniently an 
antigen/antibody interaction for example a 
dinitrophenyl-antldinitrophenyl antibody interaction 
or a protein-ligand interaction preferably avidin- 
biotin. 

Preferably a system for producing an 
enzymatically-activaled production of colour 
change or enzyme label is covalently attached to 
the said specific binding pair. Prefen'ed enzyme 
systems include alkaline phosphatase, acid 
phosphatase, beta-gatactosidase, luciferase or hor- 
seradish peroxidase. Such enzyme systems are 
not themselves capable of signalling, but are ca- 
pable of producing a signal in the presence of an 
appropriate substrate according to methods known 
ger se. The signalling part of the covalently-at- 
tached residue may operate according to any con- 
ventional technique such as for example by lu- 
minescence, fluorescence or by means of colour, 
provided that a proteinaceous moiety is present as 
part of the detection system. 



It will generally be advantageous to incorporate 
within the probe a means for amplifying the signal. 
Such amplification can be effected by known tech- 
niques for example using one or more of the sys- 
5 terns described in European Patent Publicattons 
27036. 49606. 56539 and 60123. 

Preferably the obligonucleotlde probes of the 
present invention possess the formula B wherein A 
represents- avidin or an avidin-enzyme moiety m Is 
10 4 or 5. p is 0 to 16 and X Is a direct link, -OP(0)- 
(0H).0-, -S-, -0-, -CONH-. CONHCO. or less pref- 
erably N-R' (wherein R' represents a straight chain 
or branched Ct.io alkyi group). Normally when X is 
-CONH-or -CONHCO-then m is 4. X Is preferably a 
75 direct link or -O-P(0KOH)-O-. 

tf desired the group A in which A Is an avidin- 
- enzyme moiety may additionally cany a substrate 
for the enzyme. 

In particular the oligonucleotide probe is espe- 
20 cially a probe of fonnula B (i) in which X is a direct 
link, m is 5 and p is 0 or (ii) In which X is -O-P(0)- 
(0H)-O-, m is 5 and p is 8. 1.. 

According to a further feature of the present 
Invention there is provided a process for the prep- 
25 aration of an oligonucleotide signalling, complex as., 
hereinbefore defined wherein the residue com- 
prises a specific binding pair optionally carrying an 
enzyme labels said residue having a molecular 
.weight of at least 1000 daitons, the specific binding 
30 pair being covalently attached via a spacer group 
to the single stranded oligonucleotide, which pro- 
cess comprises reacting one member of said spe- 
cific binding pair optionally carrying an enzyme 
label with an oligonucleotide complex comprising a 
35 single stranded oligonucleotide of 8 to 30 
nucleotide units in length and having covalently 
attached thereto, at a sterically tolerant site, the 
other member of said specific binding pair via a 
spacer group, the reactants being selected such 
40 that the residue in the complex obtained has a 
molecular weight of at least 1000 daltons. Prefer- 
ably at least one of the members of the specific 
binding pair comprises a proteinaceous moiety. 
The oligonucleotkJe complex containing only 
45 one member of said specific binding pair is conve- 
niently prepared by reacting a protected 
oligonucleotide of 8 to 30 nucleotide units with a 
free OH moiety of an otherwise protected phos- 
phate of one member of said specific binding pair 
50 and deprotecting the product thereby formed. 

The phosphate of one member of the specific 
binding pair is preferably prepared by reacting an - 
OH group of the said member with a phosphate of 
the fomnula R'-0-P(0)(R^)R^ in which R' represents 
55 a protecting group for the phosphate and R* and 
R', which may be the same or different each repre- 
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sents a leaving group, whereby a phosphate of one 
member of the specific binding pair is obtained in 
which the phosphate carries a single phosphate 
protecting group. 

It Is essentially preferred to prepare an 
oligonucleotide signalling complex as hereinbefore 
defined in which the residue comprises a specific 
binding pair optionally carrying an enzyme label by 
first preparing the oligonucleotide complex contain- 
ing only one member of the specific binding pair 
using the phosphate of the formula R'-OP(0)(R^R' 
as hereinbefore defined and then reacting the com- 
plex obtained with the other member of the specific 
binding pair optionally canrying an enzyme label 

Preferably the reaction Is effected in the pres- 
ence of an agent effective to introduce a phosphate 
protecting group whereby to Isolate a phosphate of 
one member of the specific binding pair, which 
phosphate carries two phosphate protecting groups 
and subsequently removing one of said phosphate 
protecting groups. Such a process provides an 
•advantageous method of purifying the product of 
the phosphorylat'on process. 

The above-mentioned phosphate is preferably 
2-chIorophenyl dr(1.2.4-triazole)phosphate ..and the 
phosphate protecting group is preferably intrb- 
duced in the presence of a base such as pyridine. . 

According to ~a- further rfeature -of the-present- 
Invention there-Is provided a process for.the. prepr 
aratiori of an oligonucleotide signalling complex as 
hereinbefore defined in which an enzyme label is 
covalerrtiy attached via a spacer group of the for- 
mula A to -the single stranded oligonucleotide, 
which process comprises reacting a compound of 
formula C (in which E represents an enzyme such 
as alkaline phosphatase or horseradish perox- 
idase) with a compound of formula D in which n Is 
as hereinbefore defined. 

The compound of formula C is preferably pre- 
pared by reacting an amino group of the enzyme 
with a compound of fomnula F in which Y repre- 
sents an activated ester and R, a and b are as 
hereinbefore defined. Preferably Y represents a 
group of the formula G in which represents 
hydrogen or a sulphonic acid salt preferably the 
sodium salt. Preferably a compound of formula F is 
used in which R' is hydrogen, a is 0, b is 0 and R 
is the 3i)heny!ene moiety (m-phenyiene). The 
compound of fomnula D in which n is as herein- 
t^efore defined is preferably prepared by deprotec- 
tion, for example by hydrolysis, of a corresponding 
compound of formula E. The compound of Formula 
E is preferably prepared by reacting, the 
oligonucleotide in protected form, conveniently pro- 
tected on a polymer support with a compound of 
formula H in which n is as hereinbefore defined, R* 



and R', which may be the same or different, each 
represents a Ct.io straight chain or branched alkyi 
group, preferably methyl or Isopropyl or R* and R* 
together with the nitrogen atom therebetween re- 

5 presents a morpholine ring and R* represents a 
protecting group suitable for a phosphate, prefer- 
ably a methyl group. 

The compound of formula H is preferably pre- 
pared by reacting a compound of formula J in 

TO which n is as hereinbefore defined with a com- 
pound of formula K in which R*. R' and R* are as . 
hereinbefore defined and Hal represents a halogen 
atom preferably chlorine. The compound of formula 
K is preferably chloro N.N-diisopropyiamino 

75 methoxy phosphlne. 

When the oHgonucleotide-signalling complex 
and method of the Invention are employed In the 
detection of a point mutation in a gene associated 
with a disease state, it will generally be advanta- 

20 geous to incorporate the oligonucleotidd-signal 
complex in a diagnostic kit and this kit is therefore 
regarded as a further^ feature of the invention.. 

Thus according to a further feature of the 
present invention there is provided a diagnostic kit 

25 for discriminating between two complementary 
■ -Hucleotid© sequences Bering -by- a& zicttle. as- a 
single nucleotide, one df the said sequer^es being 

associated- wrtf»- a-disease state-and- th<e ptfcier-cf . 

„ - ._said sequences Jjeiog Jbe j^orrespoodina /loirnal 

30 'sequence, which kit comprises at least one 
oligonucieotide-slgnaliing complex probe compris- 
ing a single stranded oligonucleotide of 8 to 30 
nucleotide units in length, said oligonucleotide hav- 
ing a sequence complementary to a sequence as- 

35 sedated with a disease state or the conresponding 
normal sequence, said oligonucleotide having 
covalently attached thereto, at a sterically tolerant 
site, a residue having a molecular weight of at least 
1000 daltons, which residue is capable of produc- 

40 ing non-radioisotopic signal. 

The kit will preferably comprise 1) at least one 
oligonucleotide signalling complex probe compris- 
ing a single stranded oligonucleotide having a se- 
quence complementary to a sequence associated 

45 with a disease state and 2} at least one 
oligonucleotide signalling complex proble compris- 
ing a single stranded oligonucleotide having a se- 
quence complementary to the conresponding nor- 
mal sequence which would be present in a human 

50 not subject to the said disease state. 

It will be appreciated in this regard that certain 
disease states are characterised by point mutations 
which appear in different regions of the human 
DNA genome. In such a case it would be Important 

55 to determine that each relevant point mutation was 
present or absent and thus more than one 
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ollgonijcteoticle signalling complex probe would be 
employed, one probe to detect the presence or 
absence of each point mutation. It would also be 
advantageous to include in the kit the probe for the 
corresponding nonnal or abnormal sequence. $ 

The kit will also preferably comprise appro- 
priate buffer, solutions and/or washing solutions and 
will contain written or printed Instructions for use of 
the kit according to the method of- the present 
invention. io 

In the accompanying drawings: 

Rgure 1 shows the hybridisation signal ob- 
served for the immobilised plF-25 alpha^ 
DNA [row B, 3 ug (nearest B), 1 ug (remote is 
from B)] and the fact that no signal was 
observable in respect of the mutant plF25-15 
alpha, plasmid DNA [row A. 3ug (column 
nearest B) 1 ug (column remote from B)]. - - 
(See Bcample 7). 20 



excess of human DNA. Under the same con- 
ditions. 300 ng of linearised plF5&-F6 alpha, 
DNA was not detectable in the presence - 
(lane 2) or absence (lane 6) of Daudi DNA 
illustrating discrimination by an alphai 55 
ollgonucleotlde-AP complex between pIFaf- 
pha, and plF55-F6 alpha, DNA. 
The invention is illustrated, but not limited by 
the following Examples, in the Examples, unless 
otherwise stated, the solutions are aqueous and the 
% values are w/v. 

The constitution of various reagents is as fol- 
lows:- 

PBS 150mM NaCI -1* lOmM sodium phosphate at 
pH7.4 

BSC 0.1 5M NaCl + 0.015M sodium citrate 
Denhardt's reagent 0.02% BSA 



Figiure .2 shows discrimination by the 
oligonucleotlde-alkaline phosphatase com- 
plex between 300 ng. (column nearest A) 
and 30 ng (column remote from B) of the 
- immobilised pIFSS.alpha,, plasmid. DNA (row. 
A) and the plF55-F6 alpha, derivative plas- 
mid DNA (row B). The.pJF55..alpha2.piasmld.- 
DNA (row C) and Its deriyative pIFSS-FO 
alpha? (row D) were nriock hybridised without 
the oligonucleotide complex, but with al- 
kaline phosphatase. The absence of signals 
in rows C and D rules out the presence of 
artefacts due to direct binding of alkaline 
phosphatase (See Example 8). 

Figure 3 shows discrimination by the 
oligonucleotide-AP complex between 300 ng 
(column nearest to A) and 30 ng (column 
remote from A) of plF55 alphas (row A) and 
plF55-F6 alpha» (row B). The signal intensity 
produced by the probe being stronger for 
the homologous plasmid plF55-F6 alphat - 
(See Example 9). 

Rgure 4 shows much stronger hybridisation 
of the probe to (left to right) 300 fig. 30 ng 
and 3 ng of the homologous plasmid plF25 
alpha, (row A) than to 300 ng, 30 ng and 3 
ng of the plasmid plF25-l4- alphas (row B) 
(See Example 10). 

Rgure 5 shows that after Southern transfer 
300 ng of linearised pll=55-F6 alpha, would 
be detected as a single band either in the 
presence (lane 1) or absence (lane 5) of an 
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0.02% Rcol 400.000 . .. 
0.02% PVP 
The follovidog.aontractlons. arj9 used;: 

.MeQH.m^JitetooI. .„ 

30 EtOAc ethyl acetate * • 
DMF dimethylfomnamide 
DNA deoxyribonucleic acid 

35 

tRNA transfer ribonucleic acid 
HRP horseradish peroxidase 
40 . PBA phosphate buffered saline 
SDS sodium dodecyl sulphate 
2 * SSC double concentration SSC 

45 

0.5 « SSC half concentration SSC 
BSA bovine serum albumin 
50 PVP polyvinyl pyrrolidone 
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HEPES {N-2-hydroxyethyl-N'-2-ethane sulphonic 
add) 

Tris fris(hydroxymethyl)arninomethane 
AP alkaline phosphatase 



The following are trade marks 



Fractosil 

Triton-X-100 

Tween 

Vectastain 
Nonidet P40 
Ficol 400^000 



Partisil 10-SAX 

NENSORB 

Millex 

Centricon 

Ampak 

Core Buffer 



C18-U Bondapak 
Sephadex.G-25 
Sephadex: G-50 



Example 1 

A molecule of blotin was attached to a 15 base 
long oligonucleotide alphar55 with the nucleotide 
sequence of (g) by the following method. 

Preparation 1 

A solution of phosphorylaSng agent prepared 
from 2-chlorophenylphQsphorodichlondate (0.32 
ml.) and 1.2,4-triazole (700 mg.) in pyridine (3 ml.) 
was added to anhydrous biotinol (1) (230 mg.) and 
the mixtrue stirred at 20 °C for 30 minutes. 2- 
Hydroxypropionitrile (0.68 mL) was then added and 
stirring was continued for a further 1.5 hours. The 
mixture was evaporated and the residue partitioned 
between chloroform (20 ml.) and brine (20 ml.). 
The chloroform extract was dried (MgS04) and 
evaporated. The residue was fractionated on a col- 
umn of silica gel (50 g.) using CHCUiMeOH - 
{19:1v/v; 100 ml.) as the first eluant followed by 
CHCIsiMeOH (9:1 v/v). After evaporation of solvents 
from comt^ned appropriate fractions (as indicated 
by thin layer chromatography analysis on silica gel 
using CHCIjrMeOH 4:1 vAv as eluant and iodine 
vapour for detection), there was thus obtained 
biotinyl 2-chlorophenyl 2-cyanoethyl phosphate (2) 
(0.32 g., 67%) as an oil. 

Preparation 2 

A solution of biotinyl 2-chIorophenyl 2- 
cyanoethyl phosphate (2) (230 mg.) in a mixture of 
pyridine (3 ml.), triethylamine (1 ml.) and water (0.5 
ml.) was allowed to stand at 20'C for 1 hour, then 
The residue was extracted with ether - 
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(6 * 20 ml.) and dried by azeotropic distillation 
with anhydrous pyridine at reduced pressure to 
give the triethylammonlum salt of biotinyl 2* 
chlorophenyl phosphate. — 

Preparation 3 

A sample (10 mg.) of a* fully-protecfed 
ollgodeoxyribonucleotide sequence, known as se^ 
quence 55 in an interferon-alphaj gene synthesis 
described by-M. O: Edger et-al - fftocteic Adds 
R§s., 1983 n, 6419-6435), attached to a- poly- 
dimethylacrylamide resin was swollen in DMF (15 
minutes at 20° C) in a glass column (6.5 50 mm) 
- fitted with a variable-length plunger and glass wool 
frit (see M. J. Gait §{ sL Chem. Soc . Chem. 
Commun. . 1982. 37-40). The top of the column was 
connected yja polytetrafluoroethytene tutnng to a 
six-way rotary valve which enabled sokents to be 
selected and passed through the column, under 
nitrogen pressure (10 psi). at a flow rate of 2-3 miy 
minute. The column was washed successively with 
pyridine. CHCIjtMeOH (7:3 v/v), (2 minutes each). 
5% benzenesulphonic acid In CHCIiiMeOH (7:3 
v/v) (40 seconds) to remove the 5'-dimethoxytrityl 
group. DMF (2 minutes) and pyridine (2 minutes). 
The resin was dried by passing a stream of nitro- 
gen through the column at 50**C. 

After disconnecting the column from the. sol- 
vent delivery system and removing the column top. 
a solution of biotinyl 2-chlorophenyl phosphate 
triethylammonium salt (23 mg.) and (1-mesitylene)- 
3-nltro-1.2.4-triazole (50 mg.) in anhydrous pyridine 
(0.3 ml.) was added to the dried resin described 
above. The column top was replaced and the col- 
umn placed in an oven at 45 *C for 45 minutes. • 
(Altematively, the reaction can be performed at 
20 "C for 1.5 hours.) The column was re-attached to 
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the solvent delivery system then the resin washed 
with pyridine (2 minutes), DMF (2 minutes), 
CHCIaiMeOH (7:3 v/v) (2 minutes), ether (2 min- 
utes) and finally dried In a stream of nitrogen to 
give the blotinylated fully-protected oligonucleotide 
sequence (4) attached to the poly- 
dimethylacrylamide resin. 

The biotinylated oligonucleotide sequence was 
cleaved from the solid support and deprotected by 
a standard procedure as described by M.D. Edge 
et a! (Nature. 1981. 756-762). except that 
treatment with 80% acetic acid was not required, 
then purified by a two-stage high-performance liq- 
uid chromatographic (hpic) procedure as described 
by C. R. Newton ei §[ , (Anal. Biochem .. 1983 129, 
22-30) to give the biotinylated ollgodeox- 
yribonucieotide sequence ). The first hplc on 
Partisil 10-SAX ion exchange resin (using buffer 
system IV or VI from Newton et al.) gave the 
product, brotinyiated-alphasSS oligonucleotide (5), 
as the most retained peak with a retention time of 
42 minutes (buffer system JV). The parent 
oligonucleotide sequence (alpha2-55) (6) had a re- 
tention time of 38 minutes when analysed under 
identical conditions. 

In order to establish that a biotin residue had 
been attached to the oligonucleotide sequence, an 
aqueous solution of the product (1 .6 O.D.jm units in 
2 ml. of 1 « PBS. 0.1% Tween-20) was added to a. 
column- (d.25- mi.) of avidin-agarosa (Sigma Chemi- 
cal Company lid) containing 8.3 units of avidin. 
The column was washed with 1 * PBS, 0,1% 
Tween and fractions (1 ml.) were collected. At least 
85% of the u.v. absorbing material was retained by 
the column. In contrast, when a sample of "P- 
labelted oligonucleotide sequence (alphaa-SS) was 
added to a similar column, all the radioactivity 
passed through the column in the first 2 ml. of 
eluant 

A complex of avidin and HRP was attached to 
the biotinylated oligonucleotide using a Vectastain 
ABC kit (Vector Laboratories, Burlingame, California 
94010. USA). One drop of Vectastain reagent A 
was added to 2 ug. of biotinylated oligonucleotide 
in 1 ml. of PBS containing 0.1% Tween 20 (Sigma 
Chemical Company). After mixing, one drop of 
Vectastain reagent B was added, mixed and the 
mixture allowed to stand at room temperature for 
30 minutes. 

Plasmids for analysis contained either the 
interferon-aIpha2 gene nucleotide sequence 3' 
TTCTTTATGTCGGGC 5* (M. D. Edge et al. Nu- 
cleic Acids Res .: 1983, H, 6419) homologous to 
the sequence of oligonucleotide alpha^-SS (6) (the 
plasmtd being hereinafter referred to as plF55 al- 
phaj, or the sequence 3' TTCTTTATGTCG ACG 5' 



which has a terminal three base non-homologous 
mismatch region (underlined) within the 
oligonucleotide. This latter plasmid, which is 
hereinafter refenred to as piF55-F6 aiphaa, was ob* 
5 tained as follows:- 

A gene was prepared from synthetic 
oligonucleotides essentially as described by M. D. 
Edge et al (Nucleic Acids Research , 1983, li 
6419-6435) for synthesis of an Interferon-alphaj 
TO gene except that ologonucleotides 1. 2. 55. 56 and 
57 were replaced by the sequences 1 Taq. 2 Taq, 
55-F6, 56-F6 and 57-F6 respectively. 

1 Taq 5* CGACCaATGTGTGAT 

IS 2 Taq 5' CGGCAGATCACACATC6T 

55- F6 5* AAQAAATACAQCTGC 

56- F6 5' CCQGCTTQGCAGCTG 

20 

57- F6 5' CAAGCCGGGCAGCTQ 

The synthetic gene was cloned between the Clal 
and Sail sites of the expression plasmid pSTPl - 

25 (Windass et al. Nucleic Acids Res .. 1982 10. 6639- 
6657) using standard procedures (Manlatis et aU 
Molecular Cloning; A Laboratory. Manual: Cold 
Spring Harbor Laboratory, 1982). - 

— -- Serially .diluted samples , of plasmid. QNA (l.ug 

30. maximum) were "dot-blotted" or. "slot-blotted" onto 
a nitrocellulose filter using equipment and instruc- 
tions, supplied by Schleicher and Schuell, Keene, 
New Hampshire, USA. The filter was air-dried and 
baked in vacuo for 2 hours at 80° C. RIters were 

35 then wetted in 2 * SSC and prehybridised for 2 
hours at QB'*C in a mixture containing 5 ^ SSC» 5 

* Denhardt's reagent. 1% glydne, 0.1% SDS, 50 
mM sodium phosphate (pH 7.0) and 100 ug/imL 
denatured herring sperm DNA. RIters were 

40 hybridised for 16 hours at room temperature using 
1 ml. of the oligonucleotide-protein (avidin + HRP) 
complex added to 5 ml. of a mixture containing 5 * 
SSC. 0.5 % Nonidet P40 and 250 ug/ml. tRNA. 
Filters were then washed twice for 5 minutes at 

45 room temperature in a mixture containing 6 ^ SSC, 
0.06% sodium pyrophosphate and 20 mM sodium . 
phosphate, pH 7.0. RIters were further washed In 6 

* SSC, 0.06% sodium pyrophosphate and 20mM 
sodium phosphate twice for 2 minutes at 37'C and 

50 once for 2 minutes at 40*C. a temperature at which 
the oligonucleotide hybridised with three termtant 
mismatches to the plasmid plF55-F6 alpha, was 
washed off the filter to a much greater extent than 
the oligonucleotide hybridised to pIFSS^ha, DNA. 

55 
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Hybridised oligonudeottde-protein comptexes 
were visualized as follows. Fitters were soaked for 
30 mFnutes at 37*C In PBS containing 2% BSA 
and 0.1% Triton-X-100 and th^ for 30 minutes at 



37-C fn 10 ml. PBSA).1% Tween 20. RIfers were 
then washed at room temperature for 5 minutes 
three times and twice respectively In each of the 
following solutions: 



Solutiion Is — 



0-5 M NaCl 

10 inM sodium phosphate pH 6.5 

0.1% BSA 

0.05% TWeen 20 



Solution 2 ;- 2 x SSC 

0*1% w/v BSA 



0.05% 



Tween 20 
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The HRP substrate was prepared by dissolving 
5 mg. of diamfridbenzidene In 10 ml. of IQmM Tris, 
pH 7:5. A solution of 200 ul. of 1% OoOh was 
added, mixed well and the mixture left on ice in the 
dark for 10 minutes. Following .this 10 min incuba- 
tion; 15 ul of 30% HzOi was added; Flna«y-filte»§ - 
were placed in the substrate mixture resulting in 
■ visual localisation of hyt^idiseddHgorrucleotide-pro- — 
tein complexes as dark brown deposits. A 
hybridisation signal corresponding to a minimum of 
300 ng of plF55 alphas DNA was detected while 
signal was absent from immobilised "dots" of 
plF55-F6 aiphaa" DNA where three base pairs at one 
end of the oligonucleotide were non-complemen- 
tary to the corresponding sequence. This discrimi- 
nation forms the basis for a test to distinguish 
alterations in a nucleotide sequence homok>gous to 
an oligonucleotide probe. 

Analysis of hybrids detected with complexes of 
avidin and biotinyiated HRP indicates that the 
oligonucleotkie-protein complexes so formed in- 
clude up to 30 molecules of biotinyiated HRP and 
10 molecules of avidin giving a maximum total 
molecular weight of about 1,880.000 daltons. Thus ^ 
very large masses of protein complexed to 
oligonucleotide probes as exemplified do not inter- 
fere with the hydrldisation selectivity of the 
oligonucleotide-protein complex. 

Example 2 

The procedure described in Example 1 was 
followed except that the biotinyiated oligonucleotide 
was bound with avidin alone for hybridlsat'on. TTits 
avidin binding was performed as described In Ex- 
ample 1 except that Vectastain reagent B (ie HRP) 
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addition was omitted. Following hybridisation. and 
washing at temperatures to distinguish misrwtehes 
from homologous hybrids, filters were soaked in 
BPS. 2% BSA, 0.1% Triton X-100 for 30 minutes at 
37»C as descn'bed In Bcample 1 and then in 10 ml 

" of PBS/0.1%f Tw«Bf^ 2acofflainlrig 2^ro|^ crV6e- . 
fastaln reagent B only for 30 minut^ at 37'»C. 

— Subsequent-washes -firtcJ--HRPvtsuaHsaSon-"were 
carried-out as described-in. Example- 1. The results 
were similar to those obtained in Example. 1 with a 
hybridisation signal conresponding only to plF55 
alphas DNA. 

The ability of the profc>e of Examples 1 and 2 to 
distinguish mismatches is highlighted by the foik>w- 
ing comparative Example Ac- 
Example A 

The procedure described in Example 2 was 
repeated except that the biotinyiated 
oligonucleotide was used directly for hybridisation. 
Vectastain reagent additions before hybridisation 
being omitted. After hybridisation. 2 drops of Vec- 
tastain reagent A were added to 10 ml. PBSyo.1% 
Tween 20, prior to Vectastain reagent B addition as 
described in Example 2. This mixture of Vectastain 
reagent A and reagent B was incubated at room 
temperature for J hour before use. to allow cross 
links to form between the avidin (reagent A) and 
the biotinyiated HRP (reagent B). A limit of hybrid 
detection corresponding to 30 ng pIF alphai DNA 
was obtained compared to 1 ug of plF55-F6 DNA. 
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Example 3 

A molecule of biotn was attached to a 15 base 
long oligonucleotide alpha^ 25 with the nucfeotide 
sequence of Ql) by the following mettod. 

Preparation 1 

Using a similar procedure to that described in 
Preparation 1 of Example 1. but with octane-1.8- 
diol replacing 2-hydroxypropianitri!e, crude biotinyl 
2-chlorophenyl 8-hydroxyoctyl phosphate was ob- 
tained. The crude mixture was slurried with EtOAc 
(100 ml.) and filtered to remove excess octane-1,8- 
diol. The EtOAC extract was evaporated and the 
residue again slunled with EtOAC (100 ml.) and 
filtered. After removal of solvents the residue was 
purified by flash silica gel chromatography (Merck 
Kleselgel 60 ART 9385) using EtOAcrEtOH (4:1 v/v 
as eluant After removal of solvents from appro- 
priate fractions there was thus obtained biotinyi 2- 
chlofbphenyT S-hydroxyoctyl phosphate (7) In 41% 
overall yield (molecular ion:M* 549). 

Preparation 2 . . 

Using a similar procedure to that described in 
"Preparation 1 of Example "I but with"biDtfnyh"2'- 
chlorophenyl B^iydroxyoclyl phosphate (0.61- g.^ 
replacing biotinol and EtOAc replacing chloroform 
there was obtained a crude sample of compound ( 
8). This was purified by flash chromatography as 
described in Preparation 1 to give compound (8) as 
a colourless oil (300 mg.) (molecular ion: (M + H)* 
792). 

Preparation 3 

A solution of compound (8) (280 mg.) in pyr- 
idine (3 ml.) and triethylamine (2 ml.) was allowed 
to stand at 20*»C for 6 hours then evaporated. The 
residual oil was extracted with ether (5 * 20 ml.) 
and the residue dried by azeotropic dfStillaUon with 
anhydrous pyridine at reduced pressure to give the 
triethylammonium salt of compound @). 

Preparation 4 

The procedure described in Preparation 3 of 
Example 1 was repeated with oligodeox- 
yribonucleotide sequence alpha2-25 [M. D, Edge et 
al. Nucleic Acids Res .. 1983. H. 6419-6435) re- 
placing alpharSS and the triethylammonium salt of 



compound (9) replacing the triethylammonium salt 
of biotinyl 2-chlorophenyi phosphate to give tiie 
biotinyiated oligodeoxyn*bonucleotide sequence - 
(12). 

5 Plasmids for analysis contained either the 

interferon-alphaj gene nucleotide sequence 3* 
CTTTACTAAGTTGTC 5* (M. D. Edge et al.. Nu- 
cleic Acids Research. 1983, 11. 6419-6435) ho- 
mologous to the sequence of oligonucleotide (11) 

70 or a derivative witii the sequence 3' CTT 
GACTAAGTTGTC 5' which differed by the single 
underlined residue. This latter plasmid was ob- 
tained as follows:- 

A gene was prepared from synthetic 

7S oligonucleotides essentially as described by M. D. 
Edge et al (Nucleic Acids Research . 1983 U, 
6419-6435) for syntiiesis of an interferon-alpha, 
gene except that oligonucleotides 1, 2. 24 and 25 
were replaced by the sequences 1 Taq, 2 Taq, 24- 

20 14 and 25-14 repecttveiy. 

1 Taq 5' CGACQATGTQTQAT - 

2 Taq 5' CGGCAGATCACACATCQT 

25 

24^14 rATCAGTTCGTQCAQT " i ^ ^ ^ Z ; 

rr 25^14 5' GAACTGATTCAACAG - 

The synthetic gene- was- then -cloned by- the . 
30 metiiod described in Example 1. The plasmid in- 
cluding tiie oligonucleotide 25-14 will hereinafter be 
referred to as plF25-l4 alphaa. 

Plasmids were "dot-blotted" as described In 
Example 1 . 

95 An avidin-alkaline phosphatase (AP) conjugate 
was attached to the biotinyiated nucleotide as fol- 
lows. An AP-avidIn D conjugate (Vector Laborato- 
ries) was reconstituted with water to 20.000 units of 
enzyme/ml. This solution was diluted 5 fold with 

40 lOmM HEPES/ O.ISMNaCI pH7.5 and 1 ml. of tills 
mixture was incubated with 2 ug. of the biotinyiated 
oligonucleotide aipha3-25 (11} for 30 minutes at 
room temperature. The solution was then passed 
down a 0.5 ml. ararose-avidin column (Sigma) pre- 

4S viously equilibrated with 5 * SSC. The column was 
washed with 2 ml. 5 * SSC and the pooled eluate 
subjected to two more cycles of agarose-avidin 
chromatography. tRNA was added to ttie final 
eluate to a concentration of 250 ugyml. and this 

so solution was used for hybridisation. Filter prepara- 
tion and hybridisation were carried out as de- 
scribed in Example 1. After hybridisation, filters 
were washed in a mixture containing 6 * SSC. 
0.06% sodium pyrophosphate and 20 mM sodium 

66 phosphate pH7 twice at room temperature for 5 
minutes and once at 40*0 for 3 minutes. RIters 
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were then washed 3 times for 5 mins In 0.1 M Tris. 
HCI pH 7.5, 0.1 M NaCI, 2mM MgCI, and 0.05% 
Trrton X*10Q. Hnaliy the filters were washed twice 
for 5 nninutes in 0-1 M Tns pH9.5, 0.1 M NaCI. 5mM 
MgCtz. For vtsualisation of hybridised biotinylated 
oligonucleotide-AP conjugates, filters were incubat- 
ed in AP su£>strate mixture prepared as described 
by Leary et a! fProc Natl. Acad. Sd. USA. 1983. 
80 , 4046]. Hie resulting blue deposits localised to 
hybridised ottgonudeotide-AP conjugates were 
marlcedly more intense for immobilised plF25 
alphaaDNA compared to plF25-I4 alphas. This dis- 
criminafion forms the basis for ja test to detect DNA 
sequences with one or more alterations in 
nucleotide sequence homologous to an 
oligonucleotide probe. 

Bcample4 

The procedure described in Example 3 was 
repeated except that the biotinylated 
olig'onudeotide was bound with avrdin alone for 
hybridisation, analogous to the procedure de- 
scribed in Example 2. Following hybridisation and 
washing at temperatures to distinguish mismatches 
' from homologous hybrids; iiftersTwere washed for- 
20 minutes at 37<*C in 3% BSA xn washing buffer 1 
[0.1 M Tris Ha ipH 7.5), OrlMT NaCI. 2mM MgCU - 
and 0.05% Triton X-100]. Biotinylated AP was sub- 
sequently added either as a biotinylated AP poly- 
mer (Bethesda Research Laboratories (BRL)) at a 
concentration of 1 ugyml. in washing buffer 1 or as 
biotinylated AP (Vector LaIx)ratories). After 10 min- 
utes filters were washed twice for 2 minutes in 
washing buffer 1 at room temperature and then 
twice in washing buffer 2 (0,1 M Tris pH9.5, 
O.IMNaCI, 5mM MgCy prior to incubation In AP 
substrate mixture as described in Example 3. The 
visualisation resuHs obtained were comparable with 
those of Example 3. . 

The ability of the probes of Examples 3 and 4 to 
distinguish a single mismatch is highlighted by the 
following comparative Bcample B. 

Example B 

The procedure described in Example 4 was 
repeated except that the biotinylated 
oligonudeotide was hybridised prior to the addition 
of streptavidin. Following hybridisation and washing 
at temperatures to distinguish mismatches from 
homologous hybrids, filters were washed as in Ex- 
ample 4 and incubated in streptavidin (Bethesda 
Research Laboratories) at a concentration of 2 
ugyml. in washing buffer for 10 minutes at room 



temperature. Following incut)ation witii streptavidn, 
the filters were washed 3 times for 2 minutes in 
wash buffer 1 prior to the addition of biotinylated 
AP polymer (BRL). as described in Example 4. 
5 Subsequent washing and detection of AP was car- 
ried out as described in Example 4. The visualisa- 
tion results obtained were comparable witii tiiose of 
Examples 3 and 4. 

10 Example 5 

The procedure described in Preparation 3 of 
Example 1 was repeated using tiie triethylam- 
monium salt of (9) instead of the triethylammonium 
IS salt of biQtinyI-2-chIorophenyl-pho$phate to yield 
the biotinylated oligodeoxyritxxiiideotide sequence 
(12). 

The hybridisation procedure descn'bed in Ex- 
ample 1 was repeated using the biotinylated 

20 oligodeoxy ribonucleotide sequence (12) as tiie 
probe except that the plasmid pIFSnOI (Edge et 
al., NucI^ Adds Res... 11 (1983) p 6419) was 
used as a source of the normal interferon alphas 
gene. As observed for Example 1. a hybridisation 

25 signal corresponding to 300 ng of pIFSIIOI DNA 
twas-obtained -butrwas tabsent -from .iip;:to -1- .ug-M - . 
the mutant plF55-F6 aiphai plasmid DNA. 

Example 6 

30 

The procedure described in Example 2 was 
repeated using the biotinylated oligodeox- 
yribonucleotide sequence (12) bound with avidtn 
alone for hybridisation to the plasmlds pIFSIIOI 
35 and plF55-F6 alphaz. 

1 ug of pIFSIIOI DNA was detectable in this 
experiment in the absence of signal from 1 ug of 
PIF55-F6 DNA. 

The ability of the probes of Examples 5 and 6 
40 to distinguish mismatches is highlighted by the 
following comparative Example C: 

Bcample C 

45 The procedure descn'bed in Example A was 
repeated using the biotinylated oligodeox- 
y ribonucleotide sequence (12) for hybridisation to 
plasmujs pIFSIIOI and pfF^5-F6 afpha,, hybridiza- 
tion being effected prior to the addition of strep- 

50 tavidin. A minumum of 3 ng of .pIFSIIOI DNA was 
detected by this procedure compared to a mini- 
mum of 300 ng of plF55-F6 alphaa DNA. 
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Example 7 

The procedure described In Preparation 3 of 
Example 1 was repeated using the oltgodeox- 
yrlbonucleotide sequence of alphar25(11) [M. D. s 
Edge et al, Nucleic Adds Res. 1983. n. 6419- 
6435] instead of the ollgodeoxy ribonucleotide se- 
quence of alpha2-55(6) to yield the biotinylated 
ollgodeoxyribonucleotide sequence (13). 

The hybridisation procedure described in Ex- jo 
ample 3 was repeated using the biotinylated 
oligodeoxyribonucleotide sequence (13) as the 
probe. As shown in Rgure 1, a hybridisation signal 
was observed for the immobilised pIF-25 alphaa 
DNA (row B, 3 and 1 ug (left to right) but was 75 
absent from the mutant plF25-l4 alphas plasmid 
DNA (row A, 3 and 1 ug). 

Example 8 

20 

A ^rnotecule of alkaline phosphatase was 
covafently linked to a 15 base long oligonucleotide 
alpha2-55 with the nucleotide sequence of (6) by 
the following method:- 

_ 25 

" Preparation i' • '■" ' " ^ * 

Chloro N,N-diisopropylamino' • methox- - 
yphosphine was added slowly to a solution of S- 
trityl-e-mercaptohexanol (2.0 g) and N-ethyl 30 
tsopropylamine (4.2 g) at O^C and the mixture 
stirred for 15 minutes. Ethyl acetate (100 ml) was 
then added and the solution extracted with satu- 
rated sodium bicarbonate solution (100 ml) then 
brine (100 miy. The ethyl acetate extract was dried as 
(MgSO*), concentrated to 4.0 ml and applied to a 
column of silica gel (Kieselgel 60. 12.5 cm « 5.0 
cm) and fractionated using petroleum ether (b.p. 
40-60*0): triethyiamine (9:1 v/v). After evaporation 
of solvents from combined appropriate fractions 40 
N,N-diisopropylamino methoxy S-trityl-6- 
mercaptohexoxy-phosphine (14 ) was obtained. 

Preparation 2 

45 

The fully protected oligodeoxyribonucleotide 
sequence alpha2-55 was prepared on an Applied 
Biosystems 380A DNA synthesiser from 5'- 
dimethoxytrityl-N'-isobutyryl-2'-deoxyguanosine 
bound to FractostI via 3*-0H and a succinylglycyi- 50 
glycylamlnopropyl spacer (BDH Chemicals Ltd) 
and 2-cyanoethyl-N,N-diisopropylamino 
phosphoramidites of 5*-dimethoxytrityl-N*-ben2oyl- 
2'-deoxyadenosine, 5*-dimethoxytrityl-N*-ben2oyl- 
2*-deoxycytidine, 5'-dimethoxytrityl-NMsobutyryl-2*- 55 
deoxyguanosine and 5*-dimethoxytrityllhymidine - 



(BDH Chemicals Ltd). Alternatfveiy. the fully-pro- 
tected oligodeoxyribonucleotide sequence may be 
prepared by the manual methods as described by 
Atkinson and Smith In 'Ollgonucfeotide Synthesis, a 
Practical Approach'. (M J Gait Editor. IRL Press, 
Oxford, Washington DC pp 35-81). 

N.N-Dlisopropy[amino methoxy S-trityl-6-mer- 
captohexbxyphosphine (53.7 mg) was dried by 
azeotropic distillation with anhydrous acetonitrile (3 
* 1 ml) then dissolved in an anhydrous mixture of 
1.2-dichloroethane: acetonitrile (3:2 v/v (1.5 ml). 
This solution was used in place of a normal 
nucleoside phosphoramidite in a standard coupling 
reaction on an Applied Biosystems 380A DNA syn- 
thesiser and added to the 5'-end of the fully-pro- 
tected oligodeoxyribonucleotide sequence alpha^- 
55 described alcove. The procedures briefly con- 
sisted of : (1) removal of the dimethoxytrityl group 
with 3% trichloroacetic acid in 1 ,2-dichloroethane; - 

(2) coupling of the N.N-diisopropylamino methoxy 
S-trityI-6-mercaptohexoxyphosphine (5.37 mg In 
0.15 ml of solvent) after activation with tetrazole; - • ^ 

(3) iodine oxidation of the intermediate phosphite to 
a phosphate; (4) a capping step with acetic anhy- 
dride. Partial deprotection and cleavage of the 

"6llg6nui5reo!i9e~~s^^^ so'p=^"" - 

port was performed autoniatically.on the DNA syn- 

"thesisen— Phosphate- protecting groups were re- 
moved by treatment with thiophenolate then with 
ammonium hydroxide (d.O.^) which also cleaves 
the oligodeoxyribonucieolide sequence from the 
support The ammonium hydroxide solution was 
heated at 55'* C for 6 hours then evaporated and 
the residue dissolved in ethanol/water (3:7 M 1.5 
ml). The trityl-protected sequence (15) was purified 
Initially by hpic on Partisil 10-SAX ion exchange 
resin as described in Preparation 3 of Example 1. 
Further purification was achieved using reverse- 
phase hpIc on a CiS-u Bondapak column as de- 
scribed by C R Newton et al. (Anal. Blochem. 1983 
129, 22-30) except that a gradient from 5% aceto- 
nitrile in 0.1 M ammonium acetate to 50% acetoni- 
trile in 0.1 M ammonium acetate over 40 minutes 
replaced the gradient of 5% to 12^% acetonitrile in 
0.1 M ammonium acetate. 

Preparation 3 

Compound (15) (40 pmoles) was^P-labelled 
with 2'.3'-dideoxyadenosine-5*-[alpha-"P]- 
triphosphate using a 3*-end labelling kit (Amersham 
International PLC) as instructed by the manufac- 
turer except that a mixture of 2\3*- 
dideoxyadenoslne-5'-triphosphate and the [alpha- 
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"P]derivatlve (4:1) was used. The labelled 
oligodeoxyribonucleotide was purified on a NEN- 
SORB 20 cartridge (DuPonl/NEN Research Pro- 
ducts) as instructed by the manufacturer. 

Silver nitrate (61 nmoles) in water (1^5 ml) 
was added to a solution of (15) (1.5 nmoles) and 
the 3*-end labelled (15) (0.1 nmoles) in water (246 
ui). After 30 minutes at 20^0 a solution of drthioth- 
reitol (63 nmoles) in water (1^5 ml) was added. 
After a further 30 minutes at 20*0 the mixture was 
filtered through a Millex-GS filter unit (0.22 urn) 
and evaporated to a volume of 250 ul to give a 
solution of compound (16) (1.5 nmoles) and the ^ 
3'-end labelled derivative (0.01 nrnoles). 

Preparation 4 

A solution of m-malelmidobenzoyl-N-hydrox- 
ysuccinimide ester (MBS) (0.12 mg) in dlmethylfor- 
mamide (DMF) (5.0 ul) was added to a solution of 
calf Intestine alkaline phosphatase (Boehringer 
•Mannheim 567752) (3.0 mg) in 0.05M phosphate 
buffer. pH 7.0 (0.7 ml). The mixture was stirred at 
20*C for 30 minutes then applied to a Sephadex 
G-25 column (5 » 1.5 cm) equilibrated with 0.1 M 
phosphate buffer.-ptt 5.6 and elul ed willi tli e sa me- 
buffer at 4'C. Fractions (0.5 ml), were .collected and 
monitored for UV- absort)ance^.280 nm-to-glve- 
compound (17).. 

Preparation 5 

The solution- of (16) (250 ill) containing the 
tracer amount of =P3*-end labelled derivative (from 
Preparation 3) was added to the solution of de- 
rivatised alkaline phosphatase (17) (from Prepara- 
tion 4). After 1 hour at 20*C the solution was 
applied to a Sephadex G-50 column (26 cm ' 1.0 
cm) equilibrated with 0.1 M phosphate buffer; 
pH5.6) and eluted at 0.9 ml min with the same 
buffer. Fractions (1 ml) were collected and mon- 
itored by scintillation counting and UV absorlDance 
at 280 nm. Fractions containing both ttie alkaline 
phosphatase (UV absorbance at 280 nm) and ''P- 
radioactive label tiius contain the aipha2-55 
oligonucleotide-alkaline phosphatase complex (18). 

45 pmoles of aipha^-SS oligonucleotide alkaline 
phosphatase complex in 0.88 ml of 0.1 M sodium 
phosphate buffer at pH5.6 was concentrated to 
0.25 ml in the same buffer as follows: 

BSA (Fraction V. Miles) was added to 1 ug/ml and 
2 equal aliquots of the sample were loacied onto a 



Centricon centrifugal microconcentrator (Amicon 
Ltd., Stonehouse, UK). The samples were con- 
centrated by spinning tiie devices in a Sorvall 
SS34 rotor at 1000 g for 30 minutes. 
5 As .described in Example 1, serially diluted 
samples of either plF55 alpha, or plF55-P6 alpha, 
plasmid were "dot-blotted* onto nitrocellulose. 
Pirehybridlsations were also as described in Exam* 
pie 1 . The hybridisation solution consisted of 2 ml 
70 Of 5 * SSC. 350 ug/ml tRNA containing, 45 pmoles 
of oligonucleotide-alkaline phosphatase complex - 
(18) in 250 ul buffer. 

FoIk)wing an overnight hybridisation at room 
temperature, filters were washed twice for 5 min- 
is utes at room temperature in a mixture containing 6 
» SSC, 0.06% sodium pyrophosphate and 20mM 
sodium phosphate. pH7.0. Rlters were tinen further 
washed in the above mentioned buffer at ZQ'^C for 
2 minutes under which conditions the 
20 oligonucleotide complex hybridised to the inter- 
feron alphas gene sequence with tiiree terminal 
mismatches was washed off the. filter .to .a much 
greater extent than tiie oligonucleotide complex 
which had fomned a perfect hybrid with tiie 
25 interferon-alphas gene. The filters were further 

--washed t h ree - t in nes fbr.g mi n u t e sriCT-e;HitrTfis=rl:ieh:: - 
... pH7.5, 0.1 M NaCI, 2mMMgCI, and 0.05% Triton-X- . 

—100. Rnally_lhe - filters- were---washed..twica-fcr- 5 

minutes in 0.1 M Tris,pH9.5. 0.1 M NaCI. 5mMMg(^ 
30 and sut)sequentiy incubated with the AP substrate 
mixture as described in Example 3. Rgure 2 shows 
tiie result of this experiment and indicates discrimi- 
nation by the oligonucleotide-alkaline phosphatase 
complex between (left to right) 300 ng and 30 ng of 
35 tiie immobilised pIFSSalpha, plasmid DNA (row A) 
and the pIFSS-Fealpha* derivative plasmid DNA - 
(row B) which has a tiiree base pair deviation from 
tfie interferon alpha, gene (see Example 1). The 
plF55alphaz plasmid DNA (row 0) and its derivative 
40 pIFSS-FBalpha, (row D), were also mock hybridised 
witiiout the oligonucleotide complex but witii 14 
nmoles of alkaline phosphatase (Boehringer. code 
no 567752) included in 2 ml of hybridisation buffer 
as specified above. No marked signal was seen 
45 associated witfi immobilised DNA in rows C and D 
thus ruling out artefacts due . to direct binding of 
all^ine phosphatase. 

Example 9 

50 

A molecule of alkaline phosphatase was 
covalentiy attached to a 15 base long oligodeox- 
yribonucleotide alpha,-55F6 wltti the nucleotide se- 
quence of (20)^by-the procedure described in Prep- 
55 arations 2.3.4 and 5 of Example 8 with the following 
modifications: 



14 



(C®C^000110025 



27 



0 202 758 



28 



1) Preparation 2 

The fully-protected ofigodeoxyribonucteotide al- 
pha^5fB with the nucleotide sequence (20) was 
prepared on an Applied Biosystems 380A DNA 
synthesiser from 5'-dimethoxytrityl-N*-ben2oyl-2'- 
deoxycyt'dine bound to controlled pore glass (Pore 
size 500A; Particle size 125-174 micron; loading 
20-50 micromoi/g from Cruachan Chemical Co 
Ltd.). N.N-dilsopropylamino methoxy S-trityl-6-mer- 
captohexoxyphosphine was coupled to the partially 
deprotected oHgodeoxyribonucIeotide bound to 
controiled*pore glass (step 2) by 2 additions, each 
of 100 second duration, of the tetrazole activated 
phosphine. The capping step (step 4) was omitted. 
The ammonium hydroxide solution containing the 
oHgodeoxyribonucIeotide after cleavage from the 
support was heated at 50° C for 4 hours. 

2) Preparation 3 

-The amounts of. silver nitrate and dithlothreitol 
were Increased* to 120 nmoles and 122 nmoles 
respectively. 

3) Preparation-4- -- — ..... — 

. The. amount of MBS. was. /educed . to 0,08.. JOg.. 
in DMF (3.4 ul) and the alkaline phosphatase re- 
duced to 2.0 mg In 0.05M phosphate buffer, pH 7.5 
(0.23 ml). 

4) Preparation 5 

The reaction was carried out for 1 hour at 37*0 
and the column was equilibrated with 0.1 M phos- 
phate buffer at pH 5.0. 

Using this procedure the alpharSSFG 
oligonucleotide alkaline phosphatase complex (19) 
was obtained. 

The alpha2-55F6 oligonucleotide-alkairne 
phosphatase complex was directly hybridised to 
dilutions of immobilised pIFSSalpha, or plF55- 
Fealpha, DNA. Prehybridisation. hybridisation and 
washing conditions were as descrilsed for Example 
8 except that the hybridisation was conducted in 10 
ml of buffer including 120 pmoles of alpha2-55 F6 
oljgonucleotide-AP complex (19) in 0.91 ml 0.1 M 
sodium phosphate, pH5.G. Rgure 3 shows thie re- 
suits of this experiment and again indicates dis- 
crimination by the oligonucleotide-AP corripiex be- 
tween (left to right) 300 ng and 30 ng of plF55 
alphas (row A) and pIFSS-FSalpha? (row B), signal 
intensity produced by the probe being stronger for 
the homologous plasmid plF55-F6alpha,. 



Example 10 

The procedure described in Example 9 was 
repeated with oHgodeoxyribonucIeotide sequence - 

5 (11) replacing the oHgodeoxyribonucIeotide se- 
quence (20). in Preparation 2 of Example 9 the 
oligodeoxyribonucleotide was prepared from 5'- 
dimethoxytrityl-NMsobutyryl-2'-deoxyguanosine 
bound to controlled-pore glass. Preparation 3 was 

TO camed out as described in Preparation 3 of Exam- 
ple 8. 

As described in Example 8 serially diluted 
samples of either plF25alphaa or plF25-l4alphai 
DNA were immobilised onto nitrocellulose filters. 

75 The filters were subseqently prehybridised, 
hybridised and washed as described in example 9 
except that hybridisation was conducted in 10 ml 
of buffer Including 170- pmoles of alpha,-25 
oligonucleotide-AP comlex (21) in 1 ml 0.1 M so- 

20 dium phosphate, pH5.6. Figure 4 shows the results 
of this experiment indicating much stronger 
hybridisation of the probe to (left to. right) 300 ng. 
30 ng and 3 ng of the homologous plasmid 
piF25alpha, (row A) than to 300 rig. 30 ng and 3 ng 

25 the plasmid plF25-14alpha, (row B) which had a 
single — 43388 — -non»QQpftpl^mentary,r~r.ta:- rvthe - 
6ligonucleotide pro^e.. 



Bcample 11 

30 - 

The procedure described In Example 8 was 
repeated except that hybridisation included 45 
pmoles of alpha2-55 oligonucleotide-alkaline 
phosphatase complex (18) in 0.4 ml buffer, 0.025% 

35 BSA. 5 ' SSC and 250 ugAnI tRNA in 4 ml total 
volume. Following hybridisation, filters were 
washed as in example 9 except that the final 5 
minute washes in 0.1 M Tris pH9.5, O.IMNaCI and 5 
nM MgCia were replaced by a 5 minute wash at 

40 room temperature in washing buffer (working 
strength) from an Ampak enzyme amplification kit - 
(IQ (Bio) Ltd.. Cambridge, UK). A further 5 minute 
wash in 0.1 M Tris pH9.5, 0.1MNaCl and SmMMgCI, 
at room temperature was followed by 5 sequential 

45 room temperature washes of 5 minutes each in 
Ampak washing buffer concentrate. Finally individ- 
ual immobilised DNA samples were cut out of the 
filters and placed in individual wells of a microtitre 
dish (24 well. Falcon 3047). To each sample was 

50 added J 00 ul reconstituted Ampak Substrate mix- 
ture and incubated at room temperature for 20 
minutes. 200 ul reconstituted Ampak Amplifier mix- 
ture was added and the solution left for 10 minutes 
for slow colour development before adding 50 ul 

55 stopping solution per well. Absorbances were then 
read at 495 nm. There was a clear increase in 
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absorbance for the oligonucleotide complex 
hybridised to the pIFSSalphax plasmid DNA com- 
pared to the derrvative plasmid plF55-F6 alphaz 
DNA. For example. 30 ng of the pIF55 afpha^ DNA 
gave rise to an OD49S of approximately 0.7 units 
above background while the signal from plF55-F6 
alphas was not significantly above background. 

Example 12 

The oligonucleotide (alphajSS^alkaline 
phosphatase complex (18), as described in exam- 
ple 9, was used for hybridisation to a plasmid 
DNA/human DNA mbcture after Southern blot trans- 
fer to nitrocellulose. DNA was extracted from hu- 
man Daudi Burkitt Lymphoma cells by the method 
of Blin and Stafford (Nucleic Acids Research. Vol- 
ume 3 (1976) page 2303) and was dissolved at 1 
mg/ml in lOmM Tris HCI pH8, 1mM EDTA. To 200 
ul of this DNA solution was added 120 ul H3O. 40 
ul of 10 * Core Buffer (Bethesda Research Labora- 
tories) and 40 ill EcoRt (Cambridge Biotechnoksgy 
iJaboratores, Cambridge UK; 20 u/ul). The solution 
was incubated at 37 for 3 hours and then ex- 
tracted once with phenol/chlorofomn ^1:1).. once 
with chlorofonh and three times with ether. DNA - 
was then precipitated by addition of sodium acetate 
to 0.3M and 2 volumes uf ethanof. The p eile t t ed ■ 
DNA was washed in 70% ethanol and-redissolved-< 
in 200 ill H^0, 

1.5 ug of plasmids containing eitfier the 
interferon-alphaz gene (pIFSSalpha,) or its derivative 
including the oligonucleotide aiphas-SS (plF55-F6 
alpha») were sfmiiarly digested with EcoRI using 20 
units for pIFSSalpha, and 40 units for plF55- 
FBalphaj in volumes of 10 ul and 20ul respectively. 
DNA was solvent extracted and ethanol precipitated 
as above and finally dissolved in 15 ul H2O. 

1 0 ug samples of Daudi cell DNA were mixed 
with either 300 ng and 30 ng of plF55 aiphaz or 
pIF55-F6 alpha, DNA and electrophoresed in a 1% 
agarose gel as described by Maniatis et al. - 
(Molecular Cloning : A Laboratory Manual: Cold 
Spring Harbor Laboratory. 1982). DNA was then 
transferred to nitrocellulose using the Southern 
transfer procedure as described in Maniatis et al - 
(see above). The filter was air dried and baked In 
vacuo for 2 hours at 80° C. Details of the 
prehybridisation. hybridisation and filter washing 
conditions were as described in Example 8 except 
that hybridisation was performed in 8 ml of a 



mixture of 95 pmoles of alpha2-55 oGgnonucleotide- 
alkaline phosphatase* 5 SSC, 250 ug/imi tRNA 
0.05% BSA and 0.6 mM sodium phosphate pH 5.6. 
Rgure 5 shows the results of this analysts indicat- 

5 ing that 300 ng of linearised plasmid plF55 alpha, 
could be detected as a single band either in the 
presence (laiie 1) or absence (lane 5) of an excess 
of human DNA. Under the same conditions , 300 
ng of linearised plF55-F6alpha2 DNA was not de* 

10 tectable in the presence (lane 2) or absence (lane 
6) of Daudi DNA demonstrating discrimination by 
the alphaj^ oligonucleotide-AP complex (18) be- 
tween plF55aIpha2 and plf^FSalpha, foltowing the 
Southem transfer procedure. 

15 

^ Bcample 13 

The oligonucleotide alphai 25-AP complex (21) 
as .described in example 10 was used for 

20 hybridisation to a plasmid DNA/human DNA mix- 
ture after Southem blot transfer. to nitrocellukDse. 
The plasmid DNA's utilised in the experiment vyere 
plF25 alphaa and plF25-l4 alpha, digested as de- 
scribed for plF55 alpha? and plF55-F6 alpha, re- 

25 spectively in. Example 12. Samples, of. EcoRI di- 

- • gested plasmid- DNA was mixed with EcoRI -df* 
gested Daudi cell DNA and subjected to elec-- 
irophor^s-as - in "Example-^gT-Prehyfaridtsation^- 

, — hybridisatkjn. washing and oiigcnucleotide-AP de- 

30 tection conditions were as in Example 10. As ot)- 
served for example 12. aliquots of pIF25 alpha^ 
plasmid DNA. homofogous to the probe, could be 
detected as a single band to an equal extent in the 
presence or absence of Daudi cell DNA Under 

35 these same conditions, no signal corresponding to 
the plasmid plF25-l4aIpha2 either in the presence 
or absence of Daudi cell DNA was detectable dem- 
onstrating discrimination, following Southem trans- 
fer, by the alpha, 25 oligonucleotide-AP probe (21) 

40 between the homologous plasmid. pIF25 aipha^. 
and the plasmid plF25-l4 afpha, which has a single 
base non-complementary to the probe. 

In the following fomnulae drawings Z represents 
an oligonucleotide and AP represents alkaline 

45 phosphatase. Throughout the specification the ter- 
minal phosphate of an oligonucleotide is consid- 
ered to be part of the oligonucleotide, but in the 
.drawings the temninal phosphate has been shown 
separately so as to illustrate the reactions which 

50 occur on this phosphate ftioiety. 
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50 

little as 13 nucleotides which comporises:- 

Claims 

(a) under conditions which promote or favour 
hybridisation between two complementary 
1- A method for discriminating between two com- 55 oligonucleotide strands, contacting the nucleotide 
plementary nucleotide sequences differing by as sequence (after appropriate treatment to render 
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it single stranded) to be identified or determined 

with an oligonucleotide-signalling complex probe 
comprising a single stranded oligonucleotide of 8 
to 30 nucleotide units in length and having 
covalently attached thereto, at a stericatly toler- s 
ant site, a residue having a molecular weight of 
at least 1,000 daltons. which residue is capable 
of producing a non-radioisotopic signal, the 
oligonucleotide In the ollgonucleotlde-signai 
complex having a defined sequence which Is to 
complementary to a sequence to be identified or 
detemnined but which is not complementary to 
an altemab've 'sequence; 

(b) separating the probe:test nucleic acid hybrid 7s 
from the unhybridized probe; and 

(c> producing or observing the signal resulting 
from the hybridised ollgonucleotide-signalling 
complex, 20 

2. A method as claimed in claim 1 wherein the 
residue has a molecular weight of at least 5000 
daltons. 

25 

3. A method as claimed in claim 2 wherein the 
residue has a molecular weight of at least 20,000 
.daltons* 

4. A method as claimed in any one of the pre- 30 
ceding claims effective to discriminate between 

two complementfflv nucleotide sequences differ- 
ing by as little as a single nucleotide. 

5. A method as claimed in any one of the pre- 35 
ceding claims wherein the residue which is ca- 
pable of producing a non-radioisotopic signal 
comprises a proteinaceous moiety. 

6. A method as claimed in any one of the pre- 4o 
ceding claims wherein the oligonucleotide signal- 
ling complex probe comprises a single stranded 
oligonucleotide sequence having a detection sys- 
tem covalently attached thereto via a spacer 
group, said detection system comprising a sys- 45 
tern for producing an enzymatically acthrated 
production of colour change, the system being 
linked to the spacer group by a direct covalent 

link or by a specific binding pair. 



7. An oligonucleotide signalling complex which 
comprises a single stranded oligonucleotide of 8 
to 30 nucleotide units in length having covalently 
attached thereto at a sterically tolerant site, via a 
spacer group, either a residue comprising a spe- 
cific binding pair optionally canning an enzyme 
label, said residue having a molecular weight of 
at least 1000 daltons or a residue comprising an 
enzyme label, with the proviso that where an 
enzyme label is linked to the oligonucleotide via 
a spacer group, the linkage of the spacer group 
to the oligonucleotide Is via tiie tenmina! base, 
sugar or phosphate. 

8. An oligonucleotide signalling complex as 
claimed in claim 7 wherein the oligonucleotide 
has a sequence complementary to a nucleotide 
sequence associated witti a disease state or with 
the con:esponding normal sequence. 

9. A diagnostic kit for discriminating between two 
complementary nucleotide sequences differing 
by as little as a single nucleotiderdne of the sald~~ 
sequences being associated with disease state 
and the other of said sequences being the cor- 
responding normal sequence, which kit com- 
prises at least one oligonucleotide-signafling 
complex probe comprising a single stranded 
oligonucleotide of 8 to 30 nucleotide unis in 
length, said oligonucleotide having a sequence 
complementary to a sequence associated with a 
disease state or the corresponding normal se- 
quence, said oligonucleotide having covalently 
attached thereto, at a sterically tolerant site, a 
residue having a molecular weight of at least 
1000 daltons, which residue is capable of pro- 
ducing a non-radk>tsotapic signal. 

10. A diagnostic kit as claimed in claim 9 which 
comprises 1) at least one oligonucleotide signal- 
ling complex probe comprising a single stranded 
oligonucleotide having a sequence complemen- 
tary to a sequence associated with a disease 
state and 2) at least one oligonucleotide signal- 
ling complex probe comprising a single stranded 
oligonucleotide having a sequence complemen- 
tary to the corresponding normal sequence 
which would be present in a human not subject 
to tiie said disease state. 
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